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(S^Thfe: A METHOD OF FORMING A USSUE PAPER WEB 
{ST) Abstract 

A tissue web (WX wbich bas improved 
fbimation and improved tensilfi propcnies but no 
iq^ptieciable deterioradon of retention aod layer 
purity, if i^licabk, in ccoipaxison witb tissue 
weibs piodaoed in canventioaal twin wire tissue 
fonneta, may be formed in a roll lype twin wire 
former by draining 90-99 pra&raMy 98-99 
%r of all diainable water from die shiizy while 
on tile foimzng roll (1). pie&iabiy a sucdoa 
forming roll, the remaining 1-10 %, pre£exahly 
1-2 %. of the drainable water being si^cient to 
hayc a substantial amount of die papcimeking 
fibezs fiee in the aJnrry during an inttiaT phase 
of ft siibsequont st^ and, downstream of 
fonrnrxg roll (1), draining said remaining 1-10 
%, preferably 1-2 from the slurry while 
vibrating the slurxy sufi&ciendy tooeatc a mkio- 
tuibulenoe causing a small scak " g jfrt iCT i of 
the fibers to prevent diem from forming any 
appreciable fibrous web (W) on the two forming 
fabrics (3; 4) until the water remaining in the 
slurry is insufficient for allowing the fibcn to 
substantially change their position relative to oxm 
another. Ibo vibration frequency is at least 100 
Hz, and die vibrations noay be provided by a 
multiblade hydrofoil (7). 
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A METHOD OF FORMING A TISSUE PAPER WEB 
TECHNICAL FIELD 

The present invention relates to a method of fomung a tissue paper web in a twm wire 
5 fomer having a rotatabk fonning roll, said method inchiding the steps of: injecting a jet 
consisting essentially of an aqueous slurry of papermaking fibers into a converging forming 
throat formed between two looped forming fabrics as they first converge to meet on a periphery 
of the rotatablc forming roU and then partially wrap the forming roll periphery; sandwiching the 
aqueous slurry between the two forming fabrics and draining watCT firom the shirry through at 
10 least one of them as they partially wrap the forming roll periphery; continuing the draining, and 
draining a sufficient proportion of water from the slurry to cause the papermaking fibers to 
form a fibrous web; running the two forming fabrics with the papermaking fibers sandwiched 
between them up to and around a section of a- second roll; and separating one of the two 
forming fabrics fiom the formed fibrous web and the other fonning fabric no earlier than on 

IS said second roll 

In this context, die term "tissue paper** is intended to include any grade of "soft crepe 
paper" or other p^er for sanitary purposes, whether creped or not when used by a consumer. 

BACKGROUND OF THE INVENTION 
20 Such a method is disclosed in US-A- 4,100,018 (Wahren et al.), for example, and is the 

method inherently used for fonning a tissue paper web in a PERIFORMER®-LW forming 
section of S-wrap configuration. Due to the rapid drainage of water from the slurry m high 
speed twin wire formers for tissue making (about 1800 to 2000 m/min or hi^er with a 
PERIFORMER®-LW forming section of C-wrap configuration), tiierc is ahnost no time at all 

25 for the papermaking fibers to reanrange themselves or for the paper producer to exert an 

influence on the formation of the web, that is the manner in which Ae fibers arc distributed* 
arranged and mixed in flie structure of flse web. Thus, the formation of a web produced in a 
twin wire former could be characterized as 'frozen'* and reflects die relative positions of the 
fibers in tiic stock just before flie drainage starts. Any disturbance or imperfection at fliis point 

30 will inevitably be found in the web formed on.Oie draining of the slurry. An excellent 

distribution of tiie fibers in tiie slurry will result m an excdlcnt formation, while a less perfect 
fiber distribution also will result in a less perfect formation and may appear as pin holes or 
streaking, for example. 

In twin wire formers for the production of newsprint and other printing paper grades, 

35 such as SPEED-FORMER HS by Valmet Paper Machmery Inc., and tiie one for the production 
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of lightweight coated grades of paper (LWQ disclosed in US-A- 4,790,909 (Harwood), the 
speeds used are much lower, about 1300 to 1500 m/min and about 900 to 1050 m/min, 
respectively. In these cases the web produced should have as close to one-sided surface 
properties as possible, that is a minimum of two-sidedness, and the retention of fines and ffllere 

5 in the surfaces of the web should be comparable to that obtained in a fouidrinier former. 

PULP AND PAPER. December 1982, J. C W. EVANS "New twin wire forma designed 
for maximum fines, solids retention", page 58, discloses a modified new design of the Bel-Baie 
H twin wire fonncr. The new former, called Bel-Baie HI, is reported to be designed to retain 
the formation of the Bel-Baie II and offer improved solids retention. It is also reported that the 

10 Bel-Baie U design is sdll reconmicnded for all papermaking operations other than those using a 
high-fines furnish, or for dssue-making where the twin wire tissue former is preferred 

DISCLOSURE OF THE INVENTION 
The main object of the presaat invention is to provide a method of forming a tissue web 
15 having improved formation and improved tensile properties without any appreciable 

deterioration of retention in comparison to tissue webs produced in conventional twin wire 
tissue formers. 

According to the present invention this objea is achieved, in a method of the kind 
initially stated, by draining substantiaDy all drainable water from the stony while in a zone 

20 curving along the periphery of the forming roll up to where the two forming fabrics ran off 
firom fee forming roll periphery, but leaving a sufficient proportion of drainable water to have a 
substantial amount of the papermaking fibers free in the slurry during an initial phase of a 
subsequent step, and draining, downstream of said 2one» die left proportion of drainable water 
from the slurry while vibrating the slurry sufBdently to create a micro-turbulence causing a 

25 small scale agitadon of the fibers to prevent them from forming any appreciable fibrous 
until the water remaining in the slurry is iosufQdcnt for allowing the fibers to substantially 
change tiieir position relative to one another* 

In this context, the term "drainable wat«^ is intended to mean the water that can be 
drained from the sandwiched slurry in the twin wire former by the use of conventional web 

30 forming technology. Even when all drainable water has been drained off, the newly formed 
paper web on leaving the web former may still have a moisture content of 85 %, for example. 
By draining aU of the drainable water at the forming roll, with the exc^on of a minor 
fraction left to permit a substantial amount of the fibers to be free to move on a small scale in 
the slurry and rearrange themselves under exposure to the vibrations, web formation is 

35 improved and, surprisingly, retention is comparable to the one obtained in a conventional twin 
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wire roll fonnex instead of deteriorating due to the vibrations, as is the case in twin wire blade 
formers for the production of newsprint and other printing paper grades. 

Preferably, the micro-turbulence is achieved by vibrating the shury at a frequency of at 
least 100 Hz. Then, the papermaking fibers in the slurry have no time to build an embryonic 
5 web on each of the two forming fabrics, and — at least in theory — it should be possible to 
achieve a total sheet set with the best possible formation by completing the draining of the 
slurry while the fibers are kept constantly agitated until there is not sufficient water left to 
permit agitatioTL 

In order to obtain vibrations of a small amplitude for creating the micro-turbulence, we 

10 prefer to provide a mnltiblade hydrofoil at a location downstream of the forming roll but 
upstream of the second roll, and to dh:ect one of the forming fabrics across the foil blades of 
the multiblade hydrof oiL The hydrofoil has a plurality of equidistantly spaced foil blades of 
equal size, suitably at least four foil blades disposed on a cento: to center spacing on the order 
of 50 to 330 mm, for contacting a contiguous one of the forming fabrics, and defines a 

15 substantially convexly curved surface supporting said one fotmmg fabric 

Although the installation of a muldblade hydrofoil in accordance with the preset 
invention may be applied in various configurations of twin wire tissue formers, we prefer 
starting feom a twin wire former of basically C-wrap type and disposing the multiblade 
hydrofoil within the loop of the forming fabric that constitutes an outer forming fabric relative 

20 to the forming roll and the otiier forming fabric, while the second roll being disposed within the 
loop of the inner forming fabric. 

It is also preferred to provide as forming roll a suction forming roll, and to drain the 
slurry through both of the forming fabrics in the zone where they wr^ the forming roH In 
comparison with a plain-surfaced forming roll, a suction forming roll will contribute to 

25 improved formation at medium and high basis weights. This effect is more pronounced with 
recycled fibers and also with increasiiig basis weigJiL The wrap angje of the outer forming 
fabric on fiic sucdon forming roll suitably is on the order of 15° to 45°, while on a 
plain-surfaced forming roll it would be on the order of 45° to 135°. 

In order to have an optimum amount (suitably from about 1 % to about 10 %, preferably 

30 about 1 % to about 2 %) of drainable water left in the shiny when the partially drained slurry 
sandwiched between the two formmg fabrics arrives at the multiblade hydrofoil, we prrfer to 
provide a headbox for discharging the slurry into the forming throat, provide a breast roll for 
the outer forming fabric inmiediatdy upstream of the forming throat, and swing the headbox 
and the breast roU as one assembly around a rotational axis of the forming roll to adjust the 
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degree of wrap of the outer forming fabric on the forming roll, and thereby also adjust the 
proportion of drainable water drained from the slurry at the forming roll 



BRIEF DESCWnON OF THE DRAWINGS 



15 



20 



25 



Fig. 1 is a schematic side elevational view of a roD type twin wire tissue former modified 
into a roU-and-blade former by the installation of a multiblade hydrofoil in accordance with one 
embodiment of the present invention. 

Fig- 2 is an enlarged scale side elevational view of the multiblade hydrofoil shown in 



Hg. 3 is a graph illustrating the improvement in formation of virgin fiber webs produced 
at various speed differentials in the roll-and-blade former of Hg. 1 over those produced under 
similar conditions in two prior art C-wrap formers having an open-surfaced forming roll and a 
plam-sutfaced one, respectively. 

Fig. 4 is a graph illustrating the improvement in formation as a function of MD/CD 
tensile ratio in virgin fiber uncreped webs produced in the roU-and-blade former of Hg. 1 over 
those produced under similar conditions in two prior art C-wrap formers having an 
open-surfaced forming roll and a plain-surfaced one, respectively. 

Figs, 5 and 6 are graphs snnilar to Hgs. 3 and 4, respectively, but with recycled fibers 
substituted for the virgin fibers. 

fig. 7 is a graph illustrating the improvement in formation as a function of basis weight 
of virgin fiber uiuarped webs produced in the roU-and-blade former of Kg. 1 over those 
produced under similar conditions in two prior art C-wrap formers having an <^)eii-surfiaced 
forming roll and a plain-suifaced one^ respectively. 

fig. 8 is a graph illustrating the improvement in tensile ef&dency of virgin fiber cr^ed 
webs produced at various speed differentials in the roU-and-bladc former of Hg. 1 over those 
produced under similar conditions in a prior art C-wrap former having an opcri-surfaced 
forming rolL 

Hg. 9 is a graph illustrating the improvement in tensile efficiency as a function of 
MD/CD tensile ratio in virgin fiber uncreped webs produced in the loll-and-blade former of 
Fig. 1 over those produced under similar conditions in a prior art C-wrap former having an 
open-surfaced forming rolL 

Fig. 10 is a graph iUustrating the layer purity in a three-layer web produced in the 
roU-and-blade former of Hg. 1. 



Fig.l. 
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Figs. 11» 12, 13 and 14 are schematic side elevadonal views of four additional roll type 
twin wire tissue formers modified into roU-and-bkde formers by the installation of a multiblade 
hydrofoil in accordance with the present invention. 

5 DETAILED DESCRIPTION OF THE MOST PREFERRED EMBODIMENT 

Basically, the former fllustrated in Fig. 1 is a conventional roll type twin wire tissue 
former that has been modified in some respects in view of the mcfiiod steps canied out, in 
accordaoce with the present invention, for forming a tissue paper web W in a twin wire former 
having a rotatable forming roll 1. A known method of forming a tissue paper web in a 

10 conventional roll type twin wire tissue former includes die following steps; 

a) Injecting from a hcadbox 2 a jet consisting essentially of an aqueous slurry of 
pj^crmaking fibers in water into a converging forming throat 5 formed between two bopcd 
forming fabrics 3 and 4 as they first converge to meet on a periphery of the rotatable forming 
roll 1 and then partially wrap the forming roll periphery. Fabric 3 constitutes an outer forming 

15 &bric in rdation to fabric 4 in a zone where the fabrics partially wrap a portion of the forming 
roll periphery, and forming roll 1 is located inside the loop of the inner forming fabric 4. The 
illustrated headbox 2 is a multilayer headbox for discharging a multilaycred jet of stock into the 
forming throat 5, more precisely a three-layer hcadbox, but it might as well be a two-layer 
headbox or a single-layer hcadbox. 

20 b) Sandwiching the aqueous slurry between the two forming fabrics 3 and 4, and 

draining water from the slurry through at least one of them as they partially wrap the fomung 
roll periphery. 

c) Continuing the draining, and draining a sufBdent proportion of wat^ fipom the 
slurry to cause the pa^wnnaking fibers to form a fibrous web W. 
25 d) Running the two forming fabrics 3 and 4 with tiie papermaking fibers sandwidied 

between them up to and around a section of a second roll 6. 

e) Separating one of the two forming lyrics 3 and 4 from the formed fibrous web W 
and the other forming fabric no earlier than on said second roll €. 

In order to provide a method of forming a tissue web having improved formation and 
30 improved tensile properties without any appreciable deterioration of retention and layer purity, 
if applicable, in comparison to tissue webs produced in conventional twin wire tissue formers, 
the known method above is supplemented with the following steps in accordance with the 
present invention: 

f) Draining substantially all drainable water from the slurry while in a zone Z curving 
35 along the periphery of the forming roll 1 up to where the two forming fabrics 3 and 4 run off 
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from the forming roll periphery, but leaving a sufficient proportion of drainable water to have a 
substantial amount of the papennaking fibers free in the skury during an initial phase of step 
g); and 

g) Draining, downstream of said zone Z» tiie kft proportion of drainable water fiom 
5 the slurry while vibrating the slurry sufficiently to create a micro-mibulence causing a small 
scale agitation of the fibers to prevent them from fonning any t^reciable fibrous web untfl the 
water remaining in the sluny is insufficient for allowing the fibers to substantially change their 
position relative to one anotiier. 

Preferably, the micro-turtrulence is achieved by vibrating the slurry at a frequency of vX 
10 least 100 Hz. Then, the ps^nnaking fibers in the sluny have no time to build an embryonic 
web on each of the two forming fabrics, and — at least in theory — it should be possible to 
achieve a total sheet set with the best possible formation by completing the draining of the 
sluny while the fibers are kept constantly agitated until there is not sufficient water left to 
permit agitation. 

15 In order to obtain vibrations of a small amplitude for creating the micro-turbulence, we 

prefer to provide a multiblade hydrofoil 7 at a location downstream of die fonning roll 1 but 
upstream of the second roll 6 as shown in the embodiment iUustxated in Fig. 1. There the 
hydrofoil 7 is located inside the loop of the forming fabric that constitutes the outer fonning 
fabric 3 in relation to the fonning roll 1 and fee other forming fabric 4 in the twin wire former, 

20 while the second roll 6 is located inside the loop of the inner fonning fabric 4. The hydrofoil 7, 
which is shown on a greater scale in Hg. 2, has a plurality of elongate equidistantly spaced 
wear-resistant foil elements 8, which are arranged in a side by side rcladonslup and extend over 
the width of the forming fabrics 3 and 4. The vibradons of small amplitude are obtamed by 
directing one of the forming fabrics, in the embodiment iliustrated in fig. 1 die outer forming 

25 fabric 3, across the foil elements 8. Suitably there are at least four foil elements 8 of equal size 
disposed on a center to center spacing on the order of 50 to 330 mm, for contacting a 
contiguous one 3 of the fonning fabrics 3 and 4, and they are located so as to define a 
substantially convexly curved surface supporting said one forming fabric 3. In view of everyday 
language, the foil elements 8 henceforth will be referred to as foil blades irrespective of their 

30 actual shape, which misLy be similar to a substantially square rod, for example. 

In the preferred embodiment illustrated most clearly in Hg. 2, fee hydrofoil 7 has nine 
foil blades 8 mounted on a box-shaped earner 9 to form fee convexly curved support surface, 
which may have a radius of curvature on the order of 5 m. The shown foil blades 8 arc of a 
basically rectangular cross sectional shape and have a widfe on fee carder of 50 mm wife die 

35 exception of the leading foil blade, which is extended on its leading side to form an edge 
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defined by a top sur&ce and a leading lateral surface of the foil blade and enclosing an edge 
angle on the order of 45^ The leading as well as the trailing Lateral surfaces of the other foil 
blades have top portions sloping inward at angles on the order of 15*", so that the formed 
enclosed edge angle will be on the order of 75^, and so that said other foil blades wiD be 
5 symmetrical. All of the foil blades 8 have a top surface that forms a part of the curved fabric 
supporting surface. This top surface is provided with a longitudinally extending crest located 
about 25 mm &om the trailing edge of the foil blade, and from this crest both the leading and 
the trailing portions of the top surface slope downwards at a small angle, preferably on the 
order of 0.25°, 

10 By means of a pardtion 10 the carrier 9 for the foil blades 8 is divided into a leading 

compartment 11 and a trailing compartment 12, both of which are provided wi± outlets 13 and 
14, respectively, for water drained from the sandwiched sluny at the end of the web forming 
step. Both of the compartments are also provided with smb pipes 15 and 16, respecdvely, for 
connection over suitable pressure controlling means, not shown, to a vacuum syston, also not 

15 shown, for assistmg m the draining. Stub pipe 16 is mounted in a top wall of trailing 

compartment 12 out of reach for possible splashes of drained water, while stub pipe 15 is 
mounted in a rear wall of leading compartment 11 and is protected from splashing water by a 
shield plate 17 interposed between the stub pipe and the foil blades. Altemadvely, the vacuum 
system is provided with a water separator, not shown, and is connected to the outlets 13 and 

20 14, At its top, the carrier 5 is pivotaliy hinged in two brackets 18, one of which is shown in 
Fig. 1, and the brackets are adjustably mounted to a fiame member 19 of a framework for the 
twin wire former. Spaced from the two brackets 18 there are provided two carrier position 
adjusting means, one of which is shown as a rod 20 having one end pivotaliy connected to dxe 
carri^ 9 and the other end adjustably connected to another frame member 21 of fte framewodc 

25 In the preferred embodiment illustrated in Hg, 1, the forming roll is a gn ^(aifonmi g 

roll 1, and a breast roH 22 for the outer forming fabric 3 is located inside the forming fabric 
loop in such a position in rdation to the forming roH 1 and the multiblade hydrofoil 7 that the 
outer forming fabric 3 will wrap the periphery of the suction forming roll 1 over an angle a on 
the order of 15** to 45**, While a plain-surfaced forming roll may be used, it is less preferred and 

30 it would require a wrap angle a on the order of 45° to 13?". Irrespective of what type of 

forming roH is being used, in cases where a broad range of basis weights is to be produced on 
the roll-and"bladc former according to the invention it may be advantageous to deagn the 
former so as to permit a swinging of the headbox 2 and the breast roll 22 as one ass^nbly 
around a rotational axis of the forming roll 1. Thereby it will be possible to adjust the degree of 

35 wrap (angle a) of the outer forming fabric 3 on the forming roll 1 and, consequently, also 
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control the proportion of drainable water drained from the slurry at the forming roU 1, Suitably, 
from about 90 % to about 99 %, preferably about 98 % to about 99 %, of the drainable water 
should be drained from the slurry at the forming roll 1, so that not more than from about I % 
to about 10 %, preferably about 1 % to about 2 %. of the drainable water remains in the slurry 
5 on its arrival at the multiblade hydrofoil 7. This small remaining amount of drainable water will 
result in the advantage that there will be no deterioration in retention and/or in layer purity, yet 
it will facilitate the adiievcmcnt of a sudden "total sheet set" {i. e, in principle no formation of 
embryonic webs on the forming fabrics 3 and 4 with slurry of a lower consistency sandwiched 
between them), which we believe requires a continuous small scale agitation of the fibere, until 
10 the water remaining in the slurry is insufficient for allowing the fibers to substantially change 
their position relative to one another. 

After the forming of the web W at the multiblade hydrofoil 7 the web runs sandwiched 
between the two forming fabrics up to and around the second roil 6. This roll is shown as being 
a plain-sur&ced roll but, if desired, it might as well be a suctioaroll to assist in the removal of 
15 water from the web W. In the embodiment ilhistrated in Rg. 1, a plain surface on tiie second 
roll 6 gives the advantageous "table roU effect", vrtiich will assist in adhering the wd> W to the 
inner forming fabric 4 when the outer foiming fabric 3 on leaving the second roll 6 is deflected 
a small angle from the inner forming fabric 4 and the web TV carried thereby. To ensure the 
desired transfer of the web W to the inner forming fabric 4, a transfer suction box 23 may be 
2D provided downstream of the second roll 6 inside the inner forming fabric loop. 

In orda- not to unnecessarily crowd the drawings, some apparatus, which constitutes no 
part of the present invention but is necessary or advantageous for running a twin wire former, is 
not disclosed. As an example, there is a first save-all, not shown, located between breast roll 22 
and hydrofoil 7 for collecting white water drained through the outer forming fabric 3 in zone Z 
25 and thrown outward from the forming roll 1, Fmther, on the opposite side of the inner fonning 
fabric 4 there is a white water deflector, not shown, mounted in a closely spaced relationship to 
the inner forming fabric 4 immediately downstream of the point where the forming fabrics run 
away from the forming roll 1- The deflector is provided with a curved extension cxtrading over 
the top of the forming roll 1 to a second save-all, not shown, located on the right-hand side of 
30 forming roll 1 in Rg- 1 for coDecting white water that has passed ferough the inner formmg 
fabric 4 into the suction forming roll 1, where it has been temporaifly stored until the forming 
fabrics leave the suction zone. 

Figs, 3 to 10 illustrate the improvement in some relevant properties of a tissue paper web 
formed in accordance with the present invention. In Figs. 3 to 9 open square dots (□) represent 
35 measured values relating to tissue webs formed in a roU-and-blade twin wire tissue former of 
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the kind shown in Fig. 1, while solid square dots (■) and solid delta dots (^) represent measured 
values relating to webs formed in a conventional C-wrap twin wire tissue former having a 
suction forming roll and a plain-surfaced fonning idH, respectively. 

The difference between the speed (V^^) of the stock jet ejected &om the headbox 2 and 
5 the speed (V^) of the forming fabrics 3 and 4 affects the formation of the web W. Figs, 3 and 
4 arc graphs illustrating the variations in "beta fomiation" with varying speed differentials and 
varying MD/CD tensile ratios, respecdveiy, and all beta formation values that we refer to are 
measured on uncreped web samples. 

The term "beta formation" means standard deviation in basis weight as measured by beta 

10 radiation. Consequently, a low beta formation value is better than a high one. A suitable 

instrument for measuring beta formation is the AMBERTEC Beta Formation Tester available 
&om Ambertec Oy, Espoo, Finland. 

The term "MD/CD tensile ratio" means the tensile strength of a web in its lengdi 
direction e. flie machine direction) divided by that in the cross direction of the wd). The 

15 tensile strength tests were carried out in accordance with standardized test procedure TAPPI 
T-494 (SCAN-P 44:81), 

In Fig. 3 most of the dots are provided with a two-digit decimal number indicating the 
MD/CD tensile ratio of a test web of a specified beta fonnatioa and produced at a specified 
speed differential in a roll-and-bladc former, a C-wrap former having a suction fonning roE, 

20 and a C-wrap former having a plain-surfaced forming rolL The test values in Hg. 4 relate to 
uncreped webs, while the MD/CD values in Hg. 3 relate to creped webs* In other respects the 
webs having the test results illustrated in Figs. 3 and 4 are identical and consist essootially of 
virgin fibers and have a basis weight of 20 g/m^ All basis wei^ that we refer to are 
measured on uncreped web samples, and the virgin fibers were 50 % Scandinavian softwood 

25 and 50 % eucalyptus* and the webs were prepared ftom a stock having a freeness vahie of 

about 600 CSF. Freeness value, or CSF-numbcr {Canadian Standard Freeness), is a measure of 
the drainability of the stock and is determined according to standardized test procedures, e. g. 
TAPPI T-227 (SCAN-C 21 or SCAN4^ 4), 

The webs, on which the test results illustrated in Hgs. 5 and 6 are based, diffiK* from 

30 those in Kgs. 3 and 4 only in consisting essentialiy of recycled fibers from computer print-out 
The stock of recycled fibers had a freeness value of about 250 CSF. 

Figs, 3 to 6 clearly show that in comparison wi± tissue webs formed in conventional 
twin wire roU type formers, where as a rule a not very satisfactory formation has to be accepted 
in case high MD/CD tensile ratios are desired, webs formed in accordance with the present 

35 invention maintain a very satisfactory formation even at high tensile ratios. As illustrated m 
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Figs. 3 and 5, the beta fonnation of a web formed on the roU-and-blade fonner, as contrasted to 
that of a web formed in a C-wr^ type former having a suction forming roll or a plain-surfaced 
forming roll, is substantially constant at speed differentials (Vj^ - J on the order of from 
about -200 m/min to about +250 m/min. The possibility of forming tissue wdbs that in addition 
5 to very satisfactory formation have high MD/CD tensile ratios, L c, tensile ratios in the range of 
2 - 5, is of great interest in manu&cturing a majority of various tissue products, and the 
utilization of speed differentials is the prevailing method of obtaining high MD/CD tensile 
ratios. A comparison of Figs. 3 and 4 with Figs. 5 and 6 clearly indicates tot in case the webs 
are formed fixm recycled fibers instead of virgin fibers the advantages of the present invention 
10 over prior art methods are stiD more pronounced. Consequently, the method of the present 
invention may also be characterized as being very insensitive to dianges in fteeness value. 

Fig. 7 is a graph illustrating the slight increase in beta formation with increasing basis 
wdght of a web formed on the roll-andrblade fi)rmer, as contrasted to that of a web formed in a 
C-wrap type former having a sucdon forming roll or a plain-surfaced forming roH As pomted 
15 out above, beta formation is the standard deviation in baas weight, and a low value is better 
than a high one. The beta formation was measured on xmcreped webs having an MD/CD tensile 
ratio of 2 to 4 after creping and consisting essentially of virgin fibers. Even at a basis weight of 
about 28 g/m^, a web formed in accordance with the present invention on a roll-and-blade 
former has a beta formation that is better than that of a web of a basis weight of about 20 gto^ 
2Q formed on a conventional C-wrap former having a suction forming roIL As is obvious from Fig. 
7, the method according to the present invention is advantageous over large basis weight range. 
Figs. 8 and 9 are graphs illustrating the variations in tensile rfficiency with varying speed 
differentials and varying MD/CD tensile ratios, respectively. The term "tensile efficiency" 
means the "tensile index" of the web sample e3^ressed as a percentage of diat of a laboratwy 
25 sheet pi^jared fiom machine chest stock in accordance with standardized test procedure TAPPI 
T-205 {SCAN-C 26:76 or SCAN-M 5:76), and the process for determining the tensile index is 
described in TAPPI T-220 (SCAN-C 28:76 or SCAN-M 8:76). The test results ittustrated in 
Figs. 8 and 9 relate to samples of tissae webs consisting essentially of virgin fibers and having 
a basis weight of 20 g/m\ and the tensile efficiency values are measured on uncreped web 
30 samples. Also in this case the open square dots represent measured values relating to tissue 
wd3S formed in a roll-and-blade twin wire tissue former of flie kind shown in Fig. 1, while the 
solid square dots represent measured values relating to webs formed in a conventional C-wr^ 
twin wire tissue former having a suction forming roll» and the two-digit decimal numbers 
against the individual dots indicate the MD/CD tensile ratios after creping of the various web 
35 samples. As is evident ffom Figs. 8 and 9» the improvement in tensile efficiency of webs 
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fonned in accordance with the present invention over those formed in a conventional C-wrap 
twin wire tissue former having a suction forming roll is substantial 

Fig. 10 is a graph illustrating layer purity of a three-layer web having a basis weight of 
22^ g/m^ and formed in accordance wifli the present invention. The basis weight split is 30 % 
5 hardwood, 40 % softwood, and 30 % hardwood (eucalyptus). Contrary to what could be 

expected, the layer purity is fully comparable to the one obtained in a conventional twin wire 
roll type tissue former. 

Summarizing the advantages of the forming method according to the present invention 

we get the foUowing: 

Formation 

As demonstrated above, an improved formation can be achieved. A good formation is a 
prerequisite for achieving the desired softness of the web, and for achieving a uniform 
permeability of the web. A uniform permeability is essential when using through air drying 
(TAD) technology for drying the web. Further, an improved formation results in an improved 
15 ninnability of the tissue machine, since also the uniformity of the yankee dryer coating wifl be 
improved. 

Alternatively, the ability of the roll-and-blade former to improve the formation can be 
utilized to rv^^r^t^^n an already satisfactory formation and to start the forming of the web by 
ejecting a stock jet of a consistency higher dian usual from a headbox having a slice opening of 
20 reduced gap width. The use of a higher consistency means that less water will have to be 
drained from the stock to form the web, and less energy for pumping will be required. 

Formation/Tensile Ratio 
As stated above, the beta formation of a web formed on the loli-and-blade fonner is 
substantially constant at speed differentials (V^ • on the order of from about -200mAmn 
25 to about +250 m/min. The utilization of speed differentials is the prevailing metiiod of 

obtaining high MD/CD tensile ratios. The possibility of forming tissue webs diat in addition to 
very satisfactory formation have high tensile ratios, i. e. teasfle ratios in the range of 2 - 5. is of 
great mterest in manufacturing a majority of various tissue products and is a major advantage of 
die present invention. On conventional twin wire roD formers the formation starts to deteriorate 
30 already at lower tensile^ ratios, so that it is necessary to accept a less good formation in order to 
reach the desired high tensile ratios. 

Tensile Strcngtii 

An improved formation always generates a higher tensile strengtii. The reason tiierrfor is 
that die fibers are utilized more cfficientiy. Higher tensile strength means higher tensile 
35 efficiency, which, if desired, can be used for reducmg the refining of die pulp or die proportion 
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of long fibers in the stock, and a softer web of higher quality can be achieved Less refining 
also means improved draining and drying capacities of the tissue machine. 

Basis Weight Range 
The method in accordance with the present invention of forming a web on a 
5 xoU-and-blade former enables a tissue manufacturer to produce high quality tissue paper within 
a very large range of basis weights. One deagn of the multiblade hydrofoil, such as the 
ninfr-bladc two-compartment hydrofofl Dlustrated in Fig. % is sufficient for permitting the 
forming of webs having basis weights ranging from about 13 g/m^ to about 50 g/ml Above 
50 g/m^ it is recommendable to add a compartment wife additional blades, and with uncreped 
10 webs having basis weights lower than about 13 g/m^ you have the problems of formation of 
pinholes in the web like in convcndonal suction roll formers. 

The forming method according to the present invention is very insensitive to changes in 
fteeness value The advantages referred to above are achieved when the papermaking fibers 
consist essentially of virgin fibers as when they consist essentiaHy of recycled fibers. In fact, 
15 the advantages adiieved when the webs are formed firom recycled fibers appear to be more 
pronounced than when they are formed fiom vkgin fibers. 

Mulrilayering and Retention 
The roU-andrblade former used for canning out the method m accordance with the 
present invention unexpectedly generates as good layer purities and retention levels as docs the 
20 conventional genuine roll former. The reason herefor is diat irrespective of the installatiDn of 
the multiblade hydrofoil we stiU drain nearly all of the drainable water on the forming rolL We 
leave just from about 1 % to about 10 %, preferably from about 1 % to about 2 %, of the 
drainable water to be drained on the multiblade hydrofoil, where the vibration or pressure 
pulses brought about by the blades causes a small scale agitation of the fibers until the 
25 ronaining water is insufficient for allowing the fibers to substantially change their position 
relative to one anoflier. Hie small amount of water left at the hydrofoil is sufDcient for 
permitting agitation of the fibers to improve the formation, but is too small to let the vibrations 
or pressure pulses deteriorate the layer purity or shake any appreciable amount of fines and 
fibers out of the web. 

30 Drainage on blades is known to be detrimental to layer purity and retention, but our usmg 

the multiblade hydrofoil almost exclusively as a formation improving draient and only to a 
very minor extent as a draining dement is a keystone of the present invention. 

Process Optimization and Drainage 
The balance between drainage on the forming roU and drainage on the multiblade 
35 hydrofoil is set in the first place by the wrap angle a of the outer fomiing fabric on the forming 
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roll However, with a suction fonning roll it is possible to adjust this balance to some extent by 
changing the vacuum level in the suction zone of the fonning roll. The desired speed, basis weight, 
and furnish are decisive for an optimum magnitude of tiie wrap angle, which is set from the beginning, 
but a fine-tuning of the drainage balance can be carried out by adjusting the vacuum level An 

5 additional adjustment of the drainage balance is possible if the headbox and the breast roll for the 
outer forming fabric are mounted to be pivotable as one assembly around the rotational axis of the 
fonning roll in order to change the wrap angle. However, as a rule the possibilities of adjusting the 
drainage balance are sufficient without having to resort to complicated designs. When a suction 
forming roll is used, the wrap angle is about one third of that required when a plain-surfaced fonning 

10 roll is used. 

DETAILED DESCRIPTION OF OTHER PREFERRED EMBODIMENTS 
Figs. 11 to 14 show alternative embodiments of roll-and-blade twin wire tissue formers. 
However, as these embodiments have much in common with that shown in Figs. 1 and 2 and described 
15 above, the conesponding items in Hgs. 11 to 14 have been given reference numerals in the 100 to 400 
series, respectively. E. g, the multiblade hydrofoil, which is denoted by 7 in Fig. 1, is 
designated 107 in Fig. 11, 207 in Fig. 12, 307 in Fig, 13, and 407 in Fig. 14. Similarly, the 
headbox that is denoted by 2 in Fig.l is designated 102 in Fig. 11, 202 in Fig. 12, 302 in Fig. 
13, and 402 in Fig. 14. 

20 The embodiment illustrated in Fig. 1 1 differs from tiiat shown in Fig. 1 only in that the 

multiblade hydrofoil 107 is positioned on the opposite side of the fabric-web-fabric sandwich 
and, consequently, is located inside the loop of the inner forming fabric 104 instead of inside 
die loop of the outer fonning fabric. This emboduncnt gives the same advantages as the one 
shown in Fig. 1, but may require more space in vertical direction to accommodate the hydrofoil 

25 107 between the forming roll 101 and the second roQ 106. 

Figs. 12 and 13 show that the roll type twin wire tissue former to be modified by the 
installation therein of a multiblade hydrofoil basically does not have to be a C-wrap fonner but 
may as well be of a type generally known as an S-wrap former. In an S-wrap former, Hie 
fonning roll 201 or 301 is located inside a fabric loop, which m the previous embodiments was 

30 formed by the outer forming fabric 3 but now constitutes the inner forming fabric 203 and 303, 
respectively, and tiie second roll 206 or 306 will flien be located inside tiie loop, which in the 
previous embodiments was formed by the inner fonning fabric 4 but now constitutes the outer 
forming fabric 204 and 304, respectively. As illustrated in Figs. 12 and 13, flie multiblade 
hydrofoil 207 and 307, respectively, is placed downstream of the fonning roll but upstream of 
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the second roll, and inside either the outer fabric loop as shown in Fig. 12 or the inner fabric 
loop as shown in Hg. 13. 

Fig- 14 illustrates an embodimcat, in which the roll type twin wire fonner shown in Fig. 
1 1 and having a substantially vMtical forming zone is modified by rotating substantially the 
5 entire configuration on the order of 90** so as to make the forming zone substantially horizontal 
and the outer fonning fabric 403 a top fabric. The nmltiblade hydrofoil 407 is placed inside the 
loop of the inner or bottom fonning fabric 404 and between the forming roll 401 and the 
second roll 40€. 
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CLAIMS 



1. A method of fonning a tissue paper web (W) in a twin wire former having a 
rotatable forming roll (1), said method including the steps of: 

a) injecting a jet coiKisting essentially of an aqueous slurry of papcrmaking fibers into 
a converging forming throat (5) formed between two looped forming fabrics (3 and 
4) as they first converge to meet on a periphery of the rotatable forming roll (1) 
and then partially wrap the forming roll periphery; 

b) sandwiching the aqueous slurry between the two fonning fabrics {3; 4) and 
draining water from the slurry through at least one of them as they partially wrap 
the forming roll periphery; 

c) continuing flie draining, and draining a sufficient proportion of water from the 
slurry to cause the papermaking fibers to form a fibrous web (W); 

d) running the two forming fabrics (3; 4) with the papermaking fibers sandwiched 
between them up to and around a section of a second roll (6); and 

e) separating one (3) of the two forming fabrics (3; 4) from the formed fibrous web 
(W) and the other forming fabric (4) no earlier than on said second roll (6); 

said method being characterized by 

f) draining substantially all drainable water from the slurry while in a zone (Z) 
curving along the periphery of the forming roll (1) np to where the two forming 
fabrics (3; 4) run off from the fonning roll periphery, but leaving a sufncient 
proportion of drainable water to have a substantial amount of the papermaking 
fibers free in the shiny during an haitial phase of step g); and 

g) draining, downstream ol said zone (Z), the left proportion of drainable water from 
the slurry while vibrating the starry sufficiCTfly to create a micro-turbulence 
ranging a Small scale agitation of the fibers to prevent them from formmg any 
appreciable fibrous web until the water remaming in the slurry is hasufQcicnt for 
aDowing the fibers to substantially change thek position rdative to one another. 

Z A metiiod as claimed m claim 1, characterized by vibrating the starry at a 
frequency of at least 100 Hz. 



35 



3. A mediod as claimed in claim 2, characterized by providing a muhiblade 
hydrofoil (7) al a location downstream of tiic forming roll (1) but upstream of the second roll 
{6\ said hydrofoil (7) having a ptarality of equidistantiy spaced foil blades (8) of equal size for 



WOMy28242 W " PCT/SE94/00463 

16 

coniactmg a condguous one (4) of the fonning fabrics (3; 4) and defining a substantiaHy 
•' convcxly curved surface laipporting said one forming fabric (4), and vibrating the slurry by 
directing one of the forming fabrics (3; 4) across said foil blades (8). 

5 4. A method as claimed in claim 3, characterized by said multiblade hydrofoil (7) 

having at least four foil blades (8) disposed on a center to center spacing on the order of 50 to 
330 ram. 

5. A method as daimcd in daim 3 or 4, characterixed by disposing fee multiblade 
10 hydrofoil (7) within the loop of the forming fabric that constitutes an outer fonning fabric (3) 

relative to the forming roD (1) and the other forming fabric (4) in the twin wire former, while 
fee second roll (6) bring disposed withm the loop of the inner forming fabric (4). 

6. A method as claimed in claim 5, cfaaracterixed by providing as forming roll a 
15 suction forming roll (1), and draining the stairy in step f) through both of the forming fabrics 

(3; 4). 

7. A method as daimed in claim 6, characterized by running the ont» forming 
fabric (3) over the suction forming roll (1) so as to provide a wrap angle (a) of the outer 

20 fomiing febric (3) on the suction fonning roll (1) on the order of 15° to 45". 

8. A method as daimed in claim 6, characterized by providing a headbox (2) for 
discharging the slony into the foimmg throat (5), providing a breast roll (22) for the ooter 
forming fabric (3) umnediatdy upstream of the forming tiiroat (5), and sv?ingxng the headbox 

25 (2) and the breast roll (22) as one assembly around a rotational axis of tiie forming roll (1) to 
adjust the degree of wrap (angle a) of the outer forming fabric (3) on the fomung roll (1), and 
thereby also the proportion of drainable water dramed from the slurry at the forming roll (1). 

9. A method as claimed in any one of claims 3 to 8, characterized by "setting the 
30 sheet" at the passage of the sandwiched papermaking fibers past the multiblade hydtofoU (7). 

10. A method as claimed in any one of dainas 1 to 9. characterUed by drammg m 
said zone (Z) from about 90 % W about 99 %. preferably about 98 % to about 99 %, of the 
drainable water from the slurry. 
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